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On the basis of data in the literature of the subject, as well as newly '/ o'
undertaken experimantel research into the interaction of diverse Lp—alkyl. .. '
- halides with various carbonyl compo-nda, we propose to arrange radicals in tho -
crder of decreesing nepetive charge, The classification of radicals imkes it T
possible to give a detailed account of the mechenism of the CGrignard synthesis .-\ = .
and to predict the probable course of reactions not yet nroduced,

In the weks devoted to the investigstion of the nechaniem »f “he Grignasd
reactiom (we have in mind the woriie of Hess (1), Leisenheimer (2), “foifer and
Blank (3}, Nesmeyanov, A. . Sasonova (4) and others), the reaction mochaaism
was studied on the basis of a relntively smll murber of experiments, The dis-
sussion in these investipations was centered around the question of the corroci-
mss of the schemtic Grignard cquation,
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preduct toward the symthesis of alcohols. After repeating eritically the
axperiments of the German authors and studying in datail the products of
addition,” {he authors of the last-mentioned works (Nesmeyanov and Sazonova)
rejected the idea of the primary formation of complex additions, giving
Preference to the original Grignard system of the equation {I') iype:

y ‘ R/,:c " OucolighuRy) (1)
1 .

By way of supplementingz these imvestigaticnu » yoare atterpting to anpreach
the Grignard mechariam of alenhol synthesis not by studying the struciure of
the compleres, but from o somewhat different Foimi..” wiw.

The aim of the preuent ctudy is a eritice) cru pwiscr, ol wie ‘rescbion
materials -~ diverse ketoacs with various alkyi hal’irus -~ t¢ “ebepmine the
peculiar features o vericus reactions and gene-sl Lii.: wuhtzh wuld meke 1
- pogsitle to predict the ccurse of the reaction even 4n s)Rlsas not yet oroe
duced. .

Pirst, it ic necussary to point out that ¥eiscrheimszr’s idca of the corigi- X B
nal formation of a complex addition which s elilier isom:rized tnto carbinos RSP *
lates (II) or decomposes with the formation of oiefirs o ' :

" CHCH(GHG).OMgBe oy i
CgHg CHO"MgBr 0 ,Hs +1- ‘ i, SR
e > CgHsCH,OMgEr CoH, , EERRE T S SR

13 not correct in its first part. But Meisenheimer's work is valuable if only
becuuse it raises the auestion of the desirability of supplementing the
- . et : Grignard equation and giving it a greater flaxibility in ordor thet it may
S R better embrace a great diversity of factual dasta. e .

R RN Furthermore, Ueisanheimer's work emphasizes the lacts that an ether medium,
-] R low temperature, and sn_excess of Ng-alkyl halides favor a res~tion in ac-

S : cordance with equation IX. - On the other ‘hand, iccreases 3~ temperatire and an
excess of a carbonyl compound are favorable to resduclion reactions, il.e,, pac-
oases. cccurring in accordance with eguation IIX. nowlzdgo of these facts o
purmite a certain smount of control over the resction, even though that conirol
‘is within very nayrow limits. :

. It should be borne in mind that Melsenheiser siuglec tha rechaniam of
ol . Grignard's syntheais axclusively on the basis of carbonyi compouncs incapatle
of emolization (bengole, cinnamic, and eroton aldehydes). OF thoss compoinds
. which are capabie of enolization he touched lizhtly uvon only two. He exposcc
v . acetony to the action of ligBr-ethyl, and aftor 3 hours of beiling in benuzcne
(elimination of ether) he nas unabie tu got isoproprl alcohol. Yet it is Wmown .~
that Sabstier and Mailhe (5), evorn under rommal cunditions of temperatnre snd
B o e in ‘an cther medium, obtainred isoprepyl aleohol B exposing zeetone to. SRRt
. o : . /0!13, along with the pormal product == tertiary aicohol —- the
‘ HgBr «Chy-CH < ‘
formation of whiSh was also recordsd in the work of M. K. Konovalov (6). Again,
in the action of propionic aldehyde upon Mg-bromephenyl, after long boiling in
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benzene, Melscnheimer obtained only phenylethylcarbinol, without any trace of
benzyl alcohol . - (It “is known, howewer, that when benzaldehyde is acted upon,
by Ng-bromesthyl, t;enzyl alcohol is obtained in considerable quantities,)

These examples confirmed the fact that the products of reduction are fre-
quently formed not in the process of decomposition of carbinols but as a re-
ault of the decomposition of the Mg-alkyl halides in accordance with eguation
I11. '

Tt developed that the alkyl halides vhich are capable of decomposition
are the less stable the more ramified their structure, and the closer thedr
side clains are to carbon which is connected with the halide molecule, The
alkyl halides can be arranged in the following series showing‘the order of
increasing stability of thelr radicald:

. CHy CHy o
~c<cn {cu—-cuz-cu . CHy--CH,
cn% cH

/C,H3‘
el > ¢
CHy ~

3

{-CHip~CHy=CHy {~Cli;~CH,-CHp=CHg, etc.

(However, the relative stability of these radicals (examples will be given
below) is fully determined by the natire of the radicals of the carbon com-
pounds, with which they have to interact.)

The radicals of the secondary and tertiary alkyl halides (and the n- .
propyl and isobutyl of the primary) have often proved themselves particularly
unstable, and_have either tended toward the formation of olefins (R-H) and .
aupelhtiox; [5127 (R~R) or in the direction of disproportion (7,849,20) . ...000

+H+R~H). \ ohanl S R D S

Not long ago Kharasch (11) ahowed that benzophenons and isophoror.,, which .. :w .
under nommal conditions react with CHéllgBr in the direction of tertiary alco- ' i. "
hols, produce pinacols when added to the Grignard reagent CoCl,, which ap- '
parently facilitates the dissociation of the reagent and the formation of i
ethane. - . ‘ N Yo

Wa, Lo, were able, under ihe ronditions followed by Kharasck, to obtain .o il
pinacols from a substance aimilar to isophorone-3-5-(dimethylcyclohexsne)~ : i
2-one-1, but were unabtle to obtain pinacols from scetophenone. Apperently
pinacols are formed only from those ketenes which are activated by the .~
presence of multiple bonds and which, at the ssme time, are either incapable :
of enoligetion or are little inclined to it. S

The formatio:. of reduction products of secondsry alcohols and pinacols,
as a phenomenon depending on the structure of the alkyl halides and ketones,
has been commented upsn by investigators from the very beginning of their )
studies of the Crigna.d reaction. M. I. Konovalov was among the first to

. point this out. : S S

_Biick and Powars (13) recently pointed out that the action of ChgeChyo
”Cliz‘?ugar upon phenyl-OX-naphthyl «etone. forms e product of raduction corre-.
apondicg to secondaiy alschol with a yleld of 65%. Ths actioa of the sume "
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“alkyl halide upon phenyl "benzyl ketone' forms a product of reduction with a
. yheld of only 9%; the principal product proved to be tertiary elcohol. During

ths action of n-CH,-CH,-CHy-CliligBr upon benzophenone, as shown by Crawford
(14), only benzohyarol is formed; wh.ile the action eof the same alkyl halide
upon acetone forms only dimethylbutylcarbinol (15). The action of Mg~
chlorocyclohexyl upon scetone (16) and acetophenone (17) forms correasponding
tertiary alcohols, while the action of the same alkyl halide upon dicyclo-
kexyl ketone forms only dicyclohexylcarbinol (18).

Acataldehyde in combination with llgBrc%H produces secondary butyl alco-
hol (19) and chloral~trichlorethyl alcohol 23}

MgI-propyl with acetophenone (21) and pinacolin produces tertiary alco~
holas with trimethylacetophsnone it produces secondary alcohol and tertiary-
butylphenylcarbinol (22). v

_ Stas (23) showed that under action of various Mg-alkyl halides, diiso-
propyl ketone, butyrone, and ethylisopropyl ketone produce warious yields uof
secondary and tertiary alcohols:

3% secondary aicohol

with CoHshghr
54% tertiary alcohol

CH. Cl
> > Ch-co-0¢ K
Cli, (JH3
’ ‘ ' /BOZ sccondsry alcohol
with CH3~CH2 "‘CHzllgBr‘\' :
» “\ 308 tertiary alcohol
with CHB
ory”
+02“5"831‘ only tortiary alcohol, 70% yield
(11) ca,-cuz-cuzwo-cnz-caz-c%
+ CHy-CH,~CH,MgBr <
CHy

CHllgBr -~ only secondary alcohol

20% secondary alcohol
60% tertiary alcohol

CHMgB:: —» only secondary alcob>l

CH3 g

<vH3 with CgHsMgBr only tertiary alcohol
°CH

(III) CByClizCO
CH, with CHyCH,CHZMgd, only tertizry alcohol

[+ "\ secondary alcohol
with H’)cm&{
CHB

: ‘ CCH, . R
(IV) CHy-CHy=CO~CHz=CHy + cu;> CiMgBr  only tertiary alcohol

50% tertiary alcohci.
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. These ocbservations may be. supplemented by experimenty.mude on the action .. ... it 5
of tertiary Mg-bromobutyl on acetone, methylpropyl ketene, and pinacolin (24).
bhereas the first ketone gives a good yield of tertiary alcoliol, 4r the case
of the seccnd ketone the yicld of tertiary sleohol drops to 50F end pinacolin
forms only condensation products. ¥e thus see that the hindrances encountcred
in the interaction between ramified Mg-alkyl halides (isopropyi, tertiary
butyl) ard ketones increass with the increase in molecular weight and the
dogrée of replacement of the ketomee (in other words, with the increase of
steric hindrances). It should also be noted that whereas the synthesis of
methyl-tert-butylcerbinol cannot be effected through the action of Mg~chlora-
tert~butyl pinsoolin, that alcohol is easily obteined as a result of lengiby
intaraction of hexmthilacetone with CHqNgX (25) (not disposed toward the
breaking-up of radicals). .

0f conslderable interest are the data obtainad by Noller (26" in his
exporiments on the synthesis of benzophenone by mzans of various Grignard re-
agente,

Apparently, the course of the reaction of the Grignard synthesis of alco-
hols (the trend toward slcohols, products of reduction, or the condensation of
ketones) is frequently determined by the so-called steric hindrances, which
dapend on the emerging arrangement of radicals, as well sz op the ey in which -
the arrangement is formed. We underline especially the importance of thea way
in shich a particular configuration is formed.

By way of supplementing the previously cited examples of .reactions studied
by 8tas, it is necessdry to point out that triisopropylcarbinol, for instance,
cantiot be obtained by the Grignard synthesis only. Bat the form of this alco~
hol is suffioiently stable and ie capable of exiating, a fact which has been
fecditly proved by the synthesis of the aleohol through the action of iso-
propylbromide on diisopropyl ketone in the presence of lithium (27).

" 16 %a possible that in the latter case the recction takes place initially

in sccordance with the scheme '

o ,
3>cuar+ 214 - LiBr+ 4 CH.14
Cliy : cﬂ3)

and that subsequently the lithium orgsnic sompound reacts with ihe ketone. It
4s also interesting to observe that

Wéc%

which deconposes casily uniar high temperatures (in which case it fuwicifons as
a reducing agent), ac well as by interaction with stericaliy hindered ketones
already containing tertiary radicals within their molecules, reactc quantita~
tively in an ether medium with bensophenone, forming diphenyl-tert-butyl-
wm 1. '

It is clear from the examples sbove that cerbonyl. compounds incapable of . .
enolisation (benzophsnone, hexamethylacetone, .chlorsl, etc.), as well as those




»
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* capabls ‘of enolization but not sufficiently enolized on account of the pe i
culiarities of their structure (pentamsthylacetone, diisopropyl ketone),
etimlate the breakup of the Grignard reagents into radicals (and the latter
into olefins and hydrogen) by virtue of the fact that they are acceptors of
hydrogen. lowever, among the ketones which are capable of enolization
there are those with structures distinguished by opposite properiies, namely,
the capacity under specific conditions, or under the influence of certain
alkyl halides, to undergo enol conversions and to function not as an acceptor. . .
but. as a donor of hydrogen. Fr. Whitemore (28) cites instances of inter-
action with some of the ketones belonging to this group.

Enolization is sspocially great when quaternary carbon associated with ’
three ethyl radicals is present alongeide the carbonyl group. However, when
the side chaine £ind themselves in@-position with respect to carbonyl; )
enolization drops to zero. The enolizetion percentage of ketones is not only
subject to change under the influence of a single alkyl halide, parallel to
changes in the ketone structure, but in the case of a single ketone the per-
centage of enolizatioen may change in connection with the transition from one
alkyl halide to ancther. , )

#ihile the action of C,HB r on acetomesitylene resuited only in the
product of enolization (293, with a yleld of 100%, the action of CgHg-Cl,-MgBr

_on the same ketone ylelded 38% of the product of enolizaticp and the normal !
addition compound —- the corresponding tertiary alcohol = ¢t 52% (30).
Finally, when the same ketone was acted upon by @¥-butenylbromide :

CHye CH-GH-Br, tertiary alcohiol was obtained with a yield of 83%. =~

It will be seen, therefore, that parallel with the growth in the st;ébiiiﬁy
of radicals, as affecting the breakup and the splitting off of hydrogen (and -

also, apparently, its addition);

CoHg ~<06H5-.CH2— ety = CH-C!H-_ s

e cly

there is a drop in the percentage of enolization of a ketons (i.8s; the squi~:.
1ibsial condition of the latter shifts toward the ketone form under the inme ™ D:..
fluence, as it were, of the gradual stepwise increase in acidity of the redium),
Aldehydes which are capable of enoligation snd symmetrical ketones with a normal:

or isoatructure (but with side chains in ﬁ-poaition or further in relation to. '~
carbonyl), show no tendency sither to become acceptors of hydrogen -(as in com-.
pounds incapable of enolization), or to be donors of hydrogen (ns is the cass’ '
of a trical compounds capeble of esnoligzation, which hsve been memtioned Rt
above). Therefora, these compounds form normal products of synthesis (gecond- ..
ary.or tertiary alcohols) with almost zvery possibls wadical. T o

The above-mentioned limitations in the method of constructing aleohols e
of the desired structurel types may be overcome not only bty chenging the course i
of synthesis {examples of which have been cited above), but also by the intro- -
duction of multiple bunds either in the alkyl halide or in the carbinol com-

. poundo . . . ‘ e L .

While propyl, as well as the higher, rormal and saturated alkyl halides
produce vith benzophencre, only benzohydrol, the action of Mg-bromo allyl on
both bunsophenone (31) and tolylphenyl ketone (32), produces tertiary alconols
with an excellent yield (up to 90%). .

N syt

Kt ainuta d N
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An excellent yleld of tertiary aléohol is also obtainable when MgBy~ ) »
< heptenyl- acts upon benzophenone. (33): . An wnalogous effect  is produced by I AR
introducing a multiples bond into carbonyl  compounds. We have already noted
that the yields of tertiary alcohols which are formed as a result of the
action of Mg-bromo~tert-butyl upon ketones drop sharply with the transition
from acetone to the higher molecular ketones and especially the branching
ketones. However, es has recently been shown by A.D. Petrov, V.1, Koptev,
and E.P. Kaplan, Mg-bromo-tert-butyl, when reacting with mesityl oxide, pro-
duces good yielde of tertiary alcohol (50%) if the reaction is condacted at
low temperatures. o :

Likewise, tertiary alcohol, as the present investigation has shown, is
obtained as a result of .the action of H-Mg-bromooctyl upon 3~tort-butyl-6,
6~dimethylheptene-3-one~2, This ketone (1), which we synthesized for the
first time (by the =ction of acetic anhydride upon triisobutylene) in the
apparatus of Tserevitinov,

CHg
CHB-=CO E-—N C~CH2-C-CH3
CH3-G-CHy Cy - CHy
Hy

reacted as alcohol (enol) with CizMegl yielding only 124, with n-Ng-bromooctyl -
the ketone yielded 33%, producing”the normal product of reaction, tertisry ..
altohol of the C,.H,, O composition with a yield of 29%, and the procuct of° L
reduction, secondary alcohol of the C14,Byg0 composition, ‘ FE

The foregoing brief survey chows the many~-sided character of the Grig-~
nard synthesis of alcohols and the imp~8sibility of remaining sutisfied with -
the old aschems (ecuations I, II, 111), since that scheme cues not account -
sufficiently for the changes in the course of the synthesis produced by the
changes in the structure of the components, even when the synthesis takes ...
Place under normal conditions (at low temperatures and in an ether oeddum) . i

In the case of analogues of Mg-organic compoiinds and Na~organic com-
pounds, considerad as selte, Morton (35) reccntl.y gave a close quantitative
evaluation of the "acidity" of individual radicals, in part, very likely
appearing as aaions. .

If we limit curselves to the qualitative evaivation of the relative
"acidity" of radicels participating in the Grignard synthesis, we beliove'
that the material assembled enables us to make a mc.e detailed evaivation
of the acicity (uegative charge) of individial sadicele, ns welt a: to Y
suppiement the basic equations of the Grignard syrthesis vith %ie Tallowing

observations:

1. Redicals of organic compounds may be arranged in the crder of
decreasing affinity capacity (to employ “he older terminology), or in =~
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accordance with their increasing acidity (diminishing negative charge), if
we use the newer Lerminology :

°,é>®> Oy Dy c2~§2~ >
¢ ,

Cp

> c- <::- )c-c':-c-) c‘g;xf>pc~c~‘c-> c-C- ) 5. >

c ¢
7 CeHis=Cly= D C = GG ¥ Cuflong1 CZC D CeHC = Cn YCmC-CERCY B

In surveylng the course of alcohol synt.héses it i3 necessary to
take into consideration the charges of radicaels of carbonyl compounds and of
Grignard reagents, as well as the steric hindrances associated with these
radicals.

If, for instance, in the original ketone R=-C0~K the two radicals are
mesityls, i.e., are characterized by an inereasing affinity capacity {nega-
tive charge) and the greatest steric hindrances, then to the "weakened” bond
of the central carbon only hydrogen can be edded. (This can be expressed in
different terms, as followa:. two hizbly negative charges make poscibie the
addition of the positively charged hydrogen). '

Ronaphthyl or phenyl, which are characterized by high negative
charges and rei-.iv:ly small steric hindrances, ace readily unitecd with
alkines, alkenes, and /wlements which are/ incapable of breaking~-up with the
formation of olafins -- naphthyl, phenyl, and methyl, (In this case the :
middls members of the series of the alkyl halide racicals break up, i.e,,

* the reaction proceeds in accoidance with equation IXI, which is facilitated .
by ths tendency of the nonenolizable ketones to ks scceptors of hydrogen),

If, on the other hand, hydrogen atoms (formaldehydes) are associated
.with the carbonyl group, that is, if ths central carbon possesses a high
positive charge, it is obvicusly able to function easily as an acceptor of
any negatively cherged radiczal, We know, in fact, that all Ng~alkyl halides
react with formaldehyds, and that C6H5-CH2 18 even isomerized in CH3-06HI‘,
which results in the increase of the radidalfs negative charge, i.el, a com-
plate equaligation of charges 1s made possibie, ;

2, If in the original keiones (aldehydes) the radicals are related to
the middle membars of the saries -~ othyl-cctyl or isocalkyl -~ but have a
sidv chain sufficiently removed from carbon which is associated with carbonyl,
such carbony? compcunds, whose radicals are of medium pegative charge, are
characterized Uy “he fact that the bond leading to the alkyl halide is of
nommal stability. In this instance, therefore, alcohol is obtainable with
almost every radical of ths series; i.s,, the reaction proceeds mainly in
eccordance with equation I1 (which is also facilitated by the amcll steric
hindrences characteristic of this group of radicals),
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“3, "In the case of asymmotrical ketones whilch have one ‘enoliiable-radical
of medium negative charge and another radical ‘of high or low negative charge
and a sterically hindered structure, the ketone becomes more or less enolized
and turne into a "donor of hydrogen" if it interacts with the middle members
of the series of radicals capable of being hydrogen acceptors.

In conclusion let us mote that Kharash and Veinhouse (36) earlier ad-
vancad the idea that there is a dependence relationship between the negative
charge of the radical of the Grignard reageat and its capacity to unite with
& carbonyl compound or to reduce it, These authors, in studying the inter-
action of bsnzophenone with various alkyl halides, have arranged ths latter
into a series in the order of the decreasing negative charge of their radicals,

We ghare these ideas and we treated them in somewhat greater destail, en-
deavoring to show the influence exercised on the course of the Grigaard eynthe-
als by the magnitude of the charge of alkyl halide. racdicals as ths rudicals
composing carbonyl compounds, In distributing the radicals into a series we
endeavored also to take into account the steric hindrances of certain of thess
radicals (which, for axample, explains the place assigned to the tertiary
tutyl radical in our series). Finally, we made a supplepentary study of the
poseibility of reduction, in the case of certain structures of carbonyl com~
pounda, rnot of the compounds themsslves, but of the Grignard reagents; and we
have shown that for the suppression of both of these reduction rexctions it
is impertent to imtroducs mltiple konds intoe the carbonyl compounds or into
tine alkyl halides (thareby conditioning the "activation" of ths normal re-
-action, or the resction of adcition). The series of redicals cited gbove
enabled us to predict thes course of the Crignerd synthesis for reactions not
yot. produced. The correctness of the prediction has been verified experimen--

Experimental Results

1. Interaction of H-Mg-bromooctyl with 3-tert-butyl-6, 6-dimethyl-
heptene~3-one-2. :
(By E. P. Esplan)

The katone was ayuthc';tizad in accordance with the general. method of '
ketone synthesis from olefins of hydrocarbons and acstic anhycride in the
presenca of ZnGly, recently refined by Berms and Doravani (37). The ketone
thus obtained, apparently for the firat time, at a yleld of 33%, is a fluid
with an agrecable odor and & boiling point of 226~228°.

. nle
d§° 0.8627; nAC 1.4561
MR found, 66.22; MR calculatad, 66.39
M found, 210.2; X calculatec, 210
Analysis: PFound - C, 80.43%; H, 12,18%

Calenlated for Cy R, 0 - C, 80.17#;  H, 12.38%

il
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_The ketore yields a semicarbazone with « maiting point of 1540,
HeB- [sic/, 2 730; 9, 185 p, 752.%; V,0,358; N,15.24%; «Calewiatsod: fort i v
Cy5 H 5oN3%: N,15.7%. %he bromine number of the ketons, defined in acw
cordance with Kaufmann, ie 103; calculated, 76. The increased hremine num-
ber we attribute to the enolization of the ketons. The kctone was scbiected
to ozonization. Among the products of ozonization it wasm pozsible to identi-
fy only a ketone with thz melting point of semicarbazone, 172°, corresponcing
to the semicarbazone of methylneopentyl ketone. ) e )

Furthermore, considering the fact tha! according to Whituore and
Wilson (28) 90% of triisobutylene comsists of 2,2,4,0,6-pentamethylhaptene~3
and 2, 2-dimethyl-4 -neopentylpentene~s (this form differs from the preceding
one only by the position of the multiple bond), ws conclude that the synthe-
sized ketore is primarily 3-tert-butyl~6,6~dimsthyl-heptene-3-one~z, ‘

In order to obtain the Grignard reagent we tcek 5 gr Mg, 0 er
octylbromide and 150 cc of ether, To the reagent at 2 to 5° wes then added
in the course of 5 hours 28 gr of the ketone dissolved in 50 cc of ethar
Stirring was continued for several hours, firet at room temperature; thin at
the hoiling point of ether. Upco the dissoluticn of the complex vy frequent,
{::ctionation of the product of reaction, the following fractions were sepsra~

Fraction I, 115-1229, & gr; fraction 11, 192-195° 9 gr; fraction:
11T, 169-172° at 8 mm, 11 gro. - » 7 675 fraction

Frazction 1 proved 4o be l-octene; dfo 2.7153; e 1.4082,  The. bro. -
mine nunber, by Kaufmann's metbod, is 139. * The calculBted bromine number
is 143; M found, 110; M calculated, 112, ) o B R

T g 20 S i
Fraction II had the following properties: d; - D.8344; La43955 o i sy
M found, 210; M calculated for Cy,H,.0, 212; MR fonid, 66.8: P UK eore’ . BRI
culated, 67.49. W™ == , R R

Analyeid: Found - ¢, 80.77%; H, 12.13% o oo
Calculated for CyuHagl ~ €, 79.2%; H, 12,78 =+ o
Definition of the number of hydroxyl Eréups by the Chugayi v-Ts'c.rsv;"f.—-:- i
inov method: found, 8.0% calculated fox 31&.3280” FoOGR e L L
‘Fraction I1I, dfo 0.8450; n20 3.4604; M rowad, 327; ¥ calculate, |
324, MR found, 105; MR “caleslated,’105.5, Lo T
Anelysis: Found ~ C, 81.97%; H, 13.17% N L
Calculated for C,oH,,0 ~ C, BL.48%; N, 13.58%

Definition of the number of hydroxyl groups by tle Ch{xgayor-l‘semit.-’ |
inov method: found, $.2%; calculated for Cooly,0, 5.26 : .

7Thus, the aecond fraciion provec to be secondery alcohol, the reduc-
ti.onrp;aduct of the ketone, while the third fraction Proved tu ue tertiary
asrohal,
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2, Interaction of Methyl-Mg~Bromide with'3‘;'}ﬂﬁmeihyicyélc;héxpne»é;cx{e
in the Presence of CoCly
(By E. P. Kaplan)

Por this reaction experiment we took 3 gr of lig shavings and 30 cc
of ether, through whick a stream of ClsBr was conducted at room temperature.
In an hour the reaction began, and the preparation of the Grignard reagent
proceeded with the ether boillng gently. Upon the disappesrance of the Mg
shavings, the Grignard solution was decanted and 0.3g CoCly sdded to it.
While Colly was being added, the temperature was raised fram 15 to 33°, Half
an hour later there was added 12 gr of 3.5~dimethylcyclohexene-~2-one-1 with
a boiling point of 208-210°, nf0 1.4900 dissolved in 20 cc of ether at a
temperature of 10 to 120. After all of the ketone had bean added, the stir-
ring process contimied for 3 to 4 hours at the boiling point of ether, and
the mixture was left standing ovsrnight, It was broken down by small pieces
of ice with CH,COOH; upon fractionation there were obtained: Fraction I,
180-185°, 6 gri fraction IT, residus in the form of resinous mass, 5 gr-

Fraction I had the following constants:

n20 1.4550; 020 0,906

Semicarbsgore with a melting point of 178°

PFraction II after 2 days became crystallized. By means of re-
crystalligation from tho alcohol; & gr of crystals were obtained with a mslt-
ing podnt of 1669, The molecular weight in bengene, by the cryoscopic methed,

1 0.268) gr mass; 17.06 gr of benzens &t 0.325°, U found, 246; M caloulated

for 016”2602 2250,
Microanalysie:

4,.678 mg masa; 4.345 mg K503 13,106 mg €O,
3.032 mg muss; 2.885 mg 3 8,500 mg CO,

fraction I, found - B, 10:.38%; C, 76.41%
Fraction II, found ~ K, 20.46%; G, 76.46%

Caloulated for Cgh,0, = H, 10.4%; 5, 76,88
Definition of the hydroxyl groups by the Chugaysv~Tserevitinov

0.1454 gr muse; 27.4 cc CH, (2P, 755 )
qud - Oﬂ, 139"
Calculatac for GygHgO, = OH, 13.2%

Fraction II can thus be seen to be pinacol 3.5-dinethylcyslohexene-
2~one=l. Pomotion I, insofar as it produces semicarbancne with a meliing
point of 178° (the melting vpoint of semicarbasone 3.5-dimethyloyclonexeno-~2-«
ons-1), is in part, no doubt, the initisl ketoue, But since fraction I hoils
a% a point below thet of the initial ketone (about 200) snd possesses a lower
‘refraction, it is apparent that the fraction also contains.the hydrids of the
Initial ketons.

—_—
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§m. ‘ thesis :ith Acetophencns

For this reaction we took 5 gr Mg shavings and 50 cc of ether,
through which a stream of CH,Br was gomducted. 0.5g 00012 was added at a
temparature of 10-15° and 20°gr of acetophenons was added at the same
tempersture. All conditions were the asams as in the preceding synthesis,

Upon fractionation there were obtained

I. 190-203°, 3 gr
II. 215-220° (at 15 mm, 899), 15 gr

Fraction II had the following properties:

20 . 4%
o 1.5325; dl. 0.9735
Definition of the hydroxyl groups by the Chugayev-Tserevitinov
mothod: :

J2155 gr mase; 37 cc CH, (18°, 756 o)
Fonnd_“ Ql, 12, .
Salentated for Cg 4,0 o, 12.5%

Thua, the fractich proved to be dimethylphenylcarbinol,

3. Intox;action Between n-¥g-Bromooctyl and Isovaleraldehyds (Between
Mg-Bromoisobutyl and n~Butyraldehyde)

(By 7. V. Mkholyan)
Zsobytylootylearbiol

the ' For this zesaction, which ras ¢onducted under ort;inu;y conditions in
an ethar mediua, we took: Mg, 11.5 gr; BrCgHyy, 89 gr; /Clig)oCh-C -G%
28 gr (30 £ less than the theorotical): The Juu ps-;ducfs of theuxz:;- ’
actdon, which was digtilled at 17 mu and in a tomperature rangs of 50- .
2189, amovpted to 69.3 gr. By fracticnation the following wers separated:

8. A fruction with a boiling point 117-119°, o20 0,7232; n" L.411;
upon axidation enanthic acid was separated by meane of ahnr salt,

b, A fractlon with a boiling point 126-126°; purcantage of hydroxyl
grolfe by Teerovelincv’s mathod, 19,12; computed for Culhy °0H, 19.32. In
coubination with acetyl chloride a product was formed wilh a boiling noint of

- 136-137° and \he charasteristic ador of scetic iscamyl ether.

€. From a fraction which had a boiling point of £68-98° thrre was
ssparated, means of semicarbagzcne, pure isovaleraldehyds with a boiling
point of 927, wiich apparently did not enter into the resctien.

de From a fraction which had a boiling point of 200° (21 ma) there
was yoparated, by means of fre aad recrystallisstion, a solid product
with 3 melting point of 209, D.T716. By these constants and the data of
slementary analysis the product wasc identified as hexadecane.
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We did not succesd in isolating purs secondary alcoliol of isobutyle
octylearbinol because of its low yield and the presence within the mixture of
isoamyl ether of isovaleric acid whosge boiling point 1s close to that of the
alcohol.

Thus, in this reaction, reduction processes prodominate, procesding
partly in accordance with equation III and in the direction of iscamyl alco-
hol and octylene, ard partly, apparently, in accirdance with a somawhat modi-
fied schoms o

ﬁO
208 17“39!‘ + (CHB) «-CH-CH -C b

W831‘
= GgllyCaliy 4 (CHy),~CH-CHy=C (:sBr -

+ B0 v )
:2;., Cyglay, + (CHy) ,~CH-CH,~CH,OH + ZgBrOH

Tsohutyl! 1 ar) 13

© Por this reaction, miuh was also comctad under ordinary conditioas
in an &ther mdiun, we took 25 gr Mg, 142.7 gr (CHg)yCH-CH,Br, and 48 gr

' CHy -caz-cnz~c< (32% less then the theorsticai in order to supress the re-
duction mcti.cua).

Abungant formation of gas (isobutylens) was noted. The fluid product
of reaption amounted to 52 gr. Fractionation produced: fraction I, with a
bofling paint of 95-M0° at 765 um, 26,9 (51 7%)3 fraction II, with a boil-
' !.u ‘point of 140-170° a: 760 mm, 16.5 gr ). Out of tk: first fraction a
small subfraction wes extracted with a hoﬂ:lng podat of 114=1i9°, from whizh,
by means of acetyl calorics butyl acetate with & boiling point of 11-122¢
vas extracted, Fropylisobutylcarbiuol has already boen previouely extracted
by NMuset (39) by nnns of H=C3HMBr acting upon isovaleric aldehyde, and
ths boiling paint of tha alcohol, according to this suthor, was 160-164°.
Froe our fraction with the boiling point of 140-170° we sicceeded with the
" ald-of pithalic snhydride, ia extractirg thio aloohol in the fom of acld
phthalic ether. The ether wue saponified with a YOH solutior, and the oily
#11a deciocated with potash and distilled at a temperaturs of 15%-162°.

The percentags of hydrexyl groups in this fraction, by Teerevitinov's
uﬂﬂd, was 12.350

The percontege of hydroxyl gioups calculated for Cgly,OH was 13.08.

It is clear that in this experimeant as well as in the preceding one,
seditcticn reactions dominated the normal coursa of the process.

Resilts ansiogous to our own were obtained by 'Img and Roberts (40)
in the experivent of interaction of secondary-Mg-bromobutyl with isobutyric
aldehyde. In this case, tos, a large nusher of btutenes were separated.
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RESSRREFED

e .

22% of the isobutyric aldehyds failad to enter into the reaction; 37% of the
proguct of reaction consisted of isobutyl sleohol; and only 30% consisted of
sscondary alcohol-1asopropyl-secbutylcarbinol. ‘

ho Intersction of n-llngChﬂg and Gimaméﬁa Aldehyde, and Bengophenone
and MgBeColls, MgTCoHy, and WgBrCH (m3

(By Kh. N. Radzhabova and S, M. Polonetskaya)

In the reactions described in section 1, it wam expected thal the
synthesis of terti alcohols would predominate whils in the reactions
treated in aaetionuﬁ reduction procesaes would be prepondersat. In pro-
ducing the above roactions in a benzane modinm we axpected to obtain reduc—
tion reactiona only. The experiment confirmed our asaumption.

Cinnamic Aldehyde apd n-!ggrcli@
Maisenheimsr has already shown that the interaction of cinnamic
Talae e &0 . ,CH
sldehyde with NgBriHg~Cl \c:
zylisobutyloarhinol), while zho interastion in bsnzene results oaly in
cinnamic aleohol. We have eatsblished that the smme regults arc sbttained in
the not yet produced reaction batwaen cinnamic aldehyde and n-igdrC,H,. By

adding cinnamic sldehyde to n-NgBrl H9 ir & medium of alighfly boi other
we noticed a peculiar ogg-ysllow coloring.

For this rsacticn we took 12 gr Mg, 67 gr C,H.Br, and 32 gr of
cinnamic aldehyde. Upon the disintegration oyﬂu ex, 22 gr of the
produats of the renction wers distilled out; ¢f these 5 ar be crystal-
liged in the form of amall nesdles wiih a melting point of 33" (after being
recrystallized from bsngens), making it poselble to idantify tals fractien
as cinnamio alcohol.

The remeining 17 gr conaisted of g fluid with a boiling point of
1U150°, at 20 mm with specific gravity a§° 0.982; nf® 1.56k, M found,
195; M calculated for cpa?l), 190 hydrexyl groupe by the Chugaye-Taurey~
{tinov method: Found, 1UC0bf calsulated, 8.9. :

1n ethar produces a secandary alcohol (cinna-

The experiment was repeatsd, with ths deviation, hewsver, that tha
cinnsmic aldehyde was added drop by drop and the reagant wes subjected to
considerable freesirg. In this cawe the only mroduct of »eaction was &
seacndary aleohol, butyleinnamyloarbinol. '

Actdon of Bennophenone Upon MgBrCaHis and MeJCobs

Mg~organis compound was formod by 5.2 gr of Mg and 22.9 gr of
022289 in a bensene medium, To tho reagent, which was heated in a water
bath, was added a bensene aclutica of 40 gr of bensophenona. On the follow-
ing day the product of reaction was broken dowa, as usual, end distilled in
a vacuum of 15 ma at 175-185°. Altogether, 30 gr of the product was dis-
tilled, which after recrystallisation from ligroin had a melting point of
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“'N'found (after Rast), 181.4; caleulated for Cy 4,0, 184,
Percentage of hydroxyl groups aftor Tesrsvitinov: found, 8,01;
calculsted for C13H; -0, 9ok.

Identiozl hensohydrol with the same yield wes obtained as a result
of interasction of bengophenons with llgICgH5 (in an ether medium thesb re-
agents form with benzophenone tertiary aleohol), ‘

C
Action of Pansophonens upon ugaxcH (2
\ci,

An Ng-organic compound was obtained from 9.2 &rof Mg and 28.7 gr of
isopropylbromide, alsc in & bonzens medium. A bongens sclution of 70 gr of
bonzophenone was sdded to the reagent while it was heated in & water bath,
When the product of tiy reaction was broken down, practically the entire
anount of benzophenone, which did mot enter the reaction, wes separated,
with a melting point of 49°. Bengohydroi could not be separated. Isopropyl-
bensens (do3 0.857 and ny 1.472) was obteined in the amount of 14 gr. Upon
’(%”fiz“" )t.hc: Im&i; we ﬁ;°g 3.5 pgn of llg,wlfa.a gr of isopropylbromide +1%

o of bengo, one. We se ted I the duot
::n mp::i:iw: el) 15 9‘8{62:55) bonmphmnc«bcnmrol;' ’(3 L grp&(:?“)
20 one .

Cul 1s known as an agent, vhich incresses the ylelds of tertiary
alcohols, in accordance with the reactiocn R

\ OH
D C=0+Rugial —3'C <
/R

It~ atimulating seuoﬁ upon reduction reactions proceeding in ac-
cordance with equation III is spparently notod for the first time. It is

_ - CH
alsc interesting to observe that in an ether medium w(c 3 is dle-
, iy

tinguished by greater stability than, for instance, MgRrCHoCH <m3 , 8ince
; - :

under thess conditiors it produces with bengophsuons orly 22% of bznzokvdml,
a8 han been shown by Blick and Powers (13). On the other hand, in order te

H. . :
reduts bensophenone MNzBrCH <L 3 in a hydrocarbon medium it is apparently

necsssary tc have .either a highzr temperature than one that makes possible
boiling in benzene, or ths stimlating inflnence of the addition of Cul,

Senglunions

1, We snalysed the reactions betwsen various carbonyl compounds, and
diverse Grignard reagents on the besis of data known in the iterature of the -
subject. We Proposid an arrangemdnt of the radicels of carbonyl compounds,
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as uell as of the Grignard reagents, into an order of dccreaaing affinity
capacity (decreasing negative charge); which ! rmits anticipation of the ~
course of synthesis even in roactions which hitherto have not baen produced.

2. For the first time we performed reacticns betwesn:

&. n-MgBr-octyl and 3-tert-butyl-6, 6~dimethylheptene~3-one-2

b, CHqligBr4CoCly and (a) 3.5-dimethylcyelohexens~2-one-1 and (b)
acetophenons in"ether medium

0. MgBr-isobutyl and n-butyraldehydo

d. n-MgBr-octyl and isovaleral.dehyde

6. n-lg-bromobutyl and c:!.rmamaldehyde (in other and at increased
temperature in benzene)

CH
f. MgBrlolls and MgBrCH < 2 4 Cul and benzophenone in benzene. .

Cly

In all these cases the experiments confirm the predicted course of
ths resction implied in the aralysis of previously psrformed reactions. °

The machaniam of formation and decomposition of:.sarbinclates of various
-Ry and Byp has boen studied; the presence of multiple bonds in carbonyl
sompounds or in Mg-alkyl halides has been shown to be of a positive inrlusnce
upon the yleld of the desired structural forms of alecoliols,
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